Abstract-Applied all over the world, pesticides are some of the most common pollutants of the environment because of their stability, mobility, their consequent long-term adverse effects on living organisms in general and human health in particular. For these reasons it is essential to monitor and analyse pesticide residues in the fruits and vegetables. The analysis of food samples for the presence of pesticides causes a lot of difficulties in consideration of specificity of sample preparation based on multistage operations of purification of sample containing vestigial amount of analyte with simultaneous large amount of interferents. The extraction and determination of pesticide residues in fruit and vegetable samples are discussed, as are the techniques most commonly used in these processes. The difficulties occurring at each stage in the analytical procedure are outlined.
I. INTRODUCTION
Main source of pesticide residues in vegetable products is their direct application in the crops to eliminate different types of pest. Due to the low detection levels required by regulatory bodies and the complex nature of the matrices in which the target compounds are present, efficient sample preparation and trace-level detection and identification are important aspects in an analytical method. Multiresidue method development is difficult, due to the fact that compounds of different polarities, solubilities, volatilities and pKa values have to be simultaneously extracted and analysed. Fruit and vegetables are capable of retaining larger quantities of pesticides. Pesticides can accumulate in fruit skins. The crops most exposed to the presence of pesticides are grapes, citrus fruits and potatoes. Adsorbed pesticides can reduce the nutritious value of crops or alter their organoleptic properties. The present-day trend is to move away from persistent pesticides and to apply agents with a short decomposition time. Organochlorine pesticides have been replaced by organonitrogen and -phosphorus pesticides. Currently 520 approved active ingredients are used in nearly 2000 commercial products. These substances belong to more than 100 different classes. It is estimated that EU countries consume more than 300,000 tons of pesticides per annum for crop protection alone [1] .
II. TECHNIQUES FOR ISOLATING PESTICIDES FROM FRUIT
AND VEGETABLE SAMPLES Isolation and/or enrichment involve the transfer of analytes from the primary matrix to a secondary one with the concomitant removal of interferents and the increase of analyte concentrations to levels above the limit of determination (LOD) of the analytical technique used [2] , [3] . The usual techniques for isolating pesticides from fruit and vegetable samples are: liquid-liquid extraction (LLE), pressurized liquid extraction (PLE), liquid-liquid microextraction (LLME), microwave-assisted extraction (MAE) and ultrasound-assisted extraction (UAE). Extract clean-up techniques are the most commonly employed solid-phase extraction (SPE), solid-phase microextraction (SPME), stir bar solvent extraction (SBSE) and gel permeation chromatography (GPC) [4] - [10] . Solid phase extraction (SPE) is currently the most popular extract clean-up technique [11] . Many of the published methods for pesticide determination in fresh fruits and vegetables use a combination of two or more commercially available SPE columns for clean-up in the normal-phase (NP) mode. Weak anionexchange sorbents such as primary secondary amine (PSA), aminopropyl (NH2), or diethylaminopropyl (DEA) modified silica are often used for clean-up of food samples together with strong anion-exchange sorbents (SAX, QMA). Other SPE clean-up approaches include the combination of GCB (graphitised carbon black) and PSA columns, the combination of C18, GCB and aminopropyl and the combination of GCB, PSA and SAX columns. A modification of SPE is dispersive solid phase extraction (dSPE). Dispersive-SPE involves the mixing of the sorbent with the extract in a mini-centrifuge tube to retain matrix interferents, but not analytes [12] . A modification of SPE, i.e. solid phase microextraction (SPME) [13] , involves the adsorption of analytes on a fiber coated with a suitable solid phase that can be pushed out of a microsyringe. The analyte is then thermally desorbed and transferred to the GC injector. Depending on where the fibre is placed in relation to the sample, SPME can be divided into: direct (Direct Immersion DI -SPME) or headspace (HS-SPME). The method is not suitable for weakly volatile or thermally labile compounds as most pesticides are [14] . [15] - [24] is one such method. QuEChERS is highly effective sample preparation technique for the pesticide multiresidue analysis in various sample matrices. This method is based on a salting-out extraction with a solvent (mainly acetonitrile) followed by a dispersive solid phase extraction (d-SPE) (see Fig. 1 ), and was developed by Anastassiades et al. [25] . Samples are milled in frozen state (dry ice is added) to get the best recovery. Extraction is done in acetonitrile (ACN) buffered at pH 5-5.5. After centrifugation, the organic phase is cleaned-up by dispersive SPE using primary secondary amine -PSA (and graphitized carbon black-GCB as necessary). Additional MgSO4 is added to remove any residual water. The PSA treated extract is acidified with formic acid to improve the stability of base-sensitive pesticides. The extract is ready for gas chromatography (GC) or liquid chromatography (LC) analysis. For samples with low water content (<80 %), water is added before the initial extraction to get a total of ca. 10 mL water. Quality control is performed by adding internal standard ISTD to the acetonitrile extraction step [26] . The consumption of sample and toxic solvents with the QuEChERS method is minimal. By applying QuEChERS to the determination of pesticides in fruit and vegetables, matrix effects are reduced and high recoveries of target analytes are possible. The method can be modified depending on the type of sample and the target analytes. To improve the extraction of polar base-sensitive pesticides, the method is modified by the use of buffering at pH ca. 5. When samples of citrus fruit are under investigation, protective wax coatings can be removed by freezing the samples for at least one hour. For samples, with a high content of carotenoids or chlorophyll, cleanup with PSA is not satisfying and there is a need to use GCB which is best in handling and effect. A more practical way to perform the dispersive SPE method is to use disposable pipet extraction (DPX) tips. These tips have a screen that contains loose sorbent material inside the pipet tip. By incorporating anhydrous magnesium sulfate (MgSO 4 ) and primary and secondary amine (PSA) for sorbent, these tips are referred to as QuEChERS Tips. The use of QuEChERS Tips has been reported previously and found to provide similar results to dispersive tubes. Kaewsuya et al. developed automated method of QuEChERS tips for analysis of pesticide residues in fruits and vegetables by GC-MS [27] . The QuEChERS approach is very flexible and it serves as a template for modification. Two differing standard exist with regard to the buffer type: the American standard (AOAC), which involves the use of acetate buffer, and the European standard EN 15662, which involves the use of citrate buffer. QuEChERS approach takes advantages of the wide analytical scope and high degree of selectivity and sensitivity provided by gas and liquid chromatography (GC and LC) coupled to mass spectrometry (MS) for detection. This method is simple and rapid and requires low solvent consumption, which, in the era of green chemistry, represents a significant advantage. Therefore, this technology is of great interest because of it's favorable toxicological, environment and economic aspects. 
III. QUECHERS TECHNIQUE

IV. FINAL DETERMINATION
The last stage in the analytical procedure is the identification of compounds and their quantitative determination using an appropriate analytical technique.
Several multiresidue methods for determination of pesticides in fruits and vegetables using gas chromatography for separation of individual compounds, followed by detection with selective and sensitive detectors as flame photometric (FPD), pulsed flame photometric (PFPD), nitrogen-phosphorus (NPD), electron-capture detectors (ECD) or mass spectrometry detector (GC-MSD) [28] - [31] . Fenoll et al. (2007) was developed an analytical multiresidue method for the simultaneous determination of various classes of pesticides in vegetables pepper and tomato. Final determination was made by gas chromatography with nitrogen-phosphorus detection [32] . Camino-Sá nchez et al. (2011) used the QuEChERS method and detection by GC-MS-MS for the quantification of 121 pesticide residues in samples of tomato, pepper, lettuce, cucumber, eggplant, zucchini, melon, watermelon and apple acquired from Spain [33] .
Nowadays the use of mass spectrometry is almost mandatory. Mass spectrometry is a very sensitive and selective technique for both multiresidue determination and trace-level identification of a wide range of pesticides. MS can operate in Single Ion Monitoring (SIM) mode, which provides for greater sensitivity than the SCAN mode. MS has a wide range of application used in multi-methods for determining pesticides of different classes. Pesticides to be determined by GC should be volatile and thermally stable. During capillary GC the injector can be operated in split mode (when the stream of carrier gas is divided) or splitless The final extract can be analyzed directly by GC-and / or LC-techniques mode (when the carrier gas stream is not divided); either mode can be used for determining pesticides in fruit and vegetable samples. The on-column injector, with which samples can be injected directly into the chromatographic column, is also used for the GC determination of pesticides. Better chromatographic peak resolution and a smaller influence of the matrix on the final result can also be achieved using two-dimensional (2D) gas chromatography (GCxGC). This uses two columns: the partially separated constituents from the first column are further separated in the second one by a different mechanism [26] , [34] , [35] . The selective detectors are the most common used in routine residue analysis. Unfortunately, these do not allow confirmation of the analysis results without ambiguity [36] . The detection by mass spectrometry (MS) employing quadrupole, ion trap and/or time-of-flight analysers offers simultaneously the confirmation and the quantification of numerous pesticides [37] . The time-of-flight (TOF) analyzer uses an electric field to accelerate the ions through the same potential, and then measures the time they take to reach the detector. If the particles all have the same charge, the kinetic energies will be identical, and their velocities will depend only on their masses. Lighter ions will reach the detector first. Currently, low-resolution (unit mass) MS detectors employing either single quadrupole or ion trap analysers are most routinely used in applications. Sousa et al. (2013) used gas chromatography coupled to single quadruple mass spectrometers (GC SQ/MS) for the determination of pesticide residues in Brazilian melons [38] . Unlike GC, laborious and costly derivatisation steps can be avoided in LC especially for the analysis of polar compounds. LC has been coupled to conventional detectors such as photo diode array and fluorescence detectors. However, mass spectrometry (MS) is preferred as it provides confirmatory evidence of the identity of the compound. Liquid chromatography coupled with mass spectrometry (LC-MS) or with tandem mass spectrometry (LC-MS-MS) or with time-of-flight (LC-TOF-MS) has lately become a powerful analytical technique for the identification and quantification of residues in fruits and vegetables. Thus liquid chromatography -tandem mass spectrometry (LC-MS/MS) methods based on triple quadrupole (QqQ) analyzers are frequently used in environmental and food analysis because of the high sensitivity achieved using Selected Reaction Monitoring (SRM) acquisition mode. As a compromise between sensitivity, acceptable chromatographic peak shape, and confirmation purposes established by 2002/657/ EC directive, two SRM transitions are currently monitored [39] . Fernandez-Alba et al. (2008) described multiresidue method for determination of pesticides and their degradation products in food by advanced LC-MS. This article described the mean features of LC-MS/MS and LC-TOF-MS instruments [40] . Ferrer et al. (2005) described multiresidue method for determination of pesticides in food samples by LC-TOF-MS. This article is a valuable indicator of the potential of LC-TOF-MS to provide high-order structural information for the unequivocal identification of both targeted and non targeted pesticide residues present in fruit and vegetables [41] . Pico et al. (2007) described of fenthion metabolites in oranges by LC-QqTOF-MS and ion trap mass spectrometry (LC-IT-MS) [42] .
Recently, mass spectrometry (MS/MS) has been coupled with certain advances in chromatographic technology such as Ultra Fast Liquid Chromatography (UHPLC). Carneiro et al. [43] 
V. CONCLUSION
Determination of pesticide residues in fruit and vegetable samples is a difficult, time-consuming and laborious analytical task. Preparation of samples for analysis is one of the most important steps in the total analytical procedure. Selection of the optimal parameters for carrying out analyte extraction and extract purification is necessary in order to obtain reliable results. However, the use of modern techniques and the use of high quality equipment enables the determination even of trace level analytes. Existing techniques are being improved and new ones developed so that different classes of pesticides can be reliably determined in a quick, simple, cheap and environmentally friendly manner. 
ACKNOWLEDGMENT
